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Abstract
To date a large proportion of coastal researchers have focused their texts and reviews on 
estuaries to the detriment of coastal lagoons, which have virtually been ignored (Bird 
1994). Lagoons are characteristic of much of the temperate southeast coastline of 
Australia. New South Wales alone has over 70 coastal lagoons and lakes. The NSW 
coastline is densely populated and developed and is under increasing environmental 
pressure. Continued population growth in the coastal region demands enhanced coastal 
management. The current high level of coastal development means that coastal lagoons 
are frequently subject to a range of direct and indirect impacts due to land use in the 
catchment, changes to hydrology and tidal processes, and the direct use of the lagoon 
waterways. This thesis has focussed on the physical and geomorphic variable interactions 
of lagoons to facilitate the construction of four predictive models. This study 
encompassed the sampling of sixty-one lagoon beaches within New South Wales. From 
the data collected, a total of fifty-two relationships were statistically tested between four 
general lagoon health indicators and thirteen observed physical and geomorphic 
variables. The relationships were statistically tested using the chi square analysis in an 
attempt to link them with the observed variations in lagoon beach health. Eighteen 
relationships were found to be statistically significant. The four predictive models were 
then developed based upon these results. These models enable us to predict what will 
happen to the health of lagoon beaches and therefore may be utilised in management 
practices for more appropriate land uses.
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Chapter 1
Introduction
1.1 A Definition of Coastal Lagoons
Coastal lagoons are widespread all around the world’s ocean coasts. They represent nearly 13% of 
the shoreline (KjerfVe 1994). Their size is quite variable, ranging from less than 1 up to 10,000 
km2 (Lagoa dos Patos, Brazil). To date, a large proportion of coastal researchers have focused their 
texts and reviews on estuaries to the detriment of coastal lagoons, which have virtually been 
ignored (Bird 1994). Considerable overlap between lagoons and estuaries has been identified. 
Lagoons are sometimes lumped into the category of bar built estuaries and sometimes not dealt 
with at all (Bird 1994). The precise definition of a coastal lagoon is problematic and many 
definitions have been proposed. The imprecise definition of coastal lagoons is perhaps the main 
reason for the lack of coordinated research (Carter 1998). Many authors apply the name lagoon to 
any body of water that is landward of a barrier (Davis et al 1984); however, several more specific 
lagoon definitions have been given. For example, Bird (1994) suggested that coastal lagoons may 
be defined as areas of relatively shallow water that have been partly or wholly sealed off from the 
sea by the formation of depositional barriers built above the high tide level by wave action.
Kjerfve (1994) described coastal lagoons as in-land water bodies found on all continents 
usually oriented parallel to the coast, separated from the ocean by a barrier, connected to the ocean 
by one or more restricted inlets, which remain open at least intermittently and with water depths 
which seldom exceed a few metres. Both definitions state that lagoons are separated from the 
oceans by barriers. Lankford (1977) describes these barriers as being comprised of either clastic 
material (sand or gravel) or created by vegetation, coral growth or tectonics (Lankford, 1977). 
Lagoons are typically considered to be quiescent environments where diverse biota thrives and 
fine-grained sediments accumulate (Beanish and Jones 2002). Lagoons characterized by coarse­
grained sediments that formed under the influence of high-energy processes are considered to be 
rare (Beanish et al 2002). Coastal lagoons trap inorganic sediment and organic matter and thus 
serve as material sinks or material filters. They are systems which can span the range of salinities 
from hypersaline to completely fresh, and which are often intermittently closed off from the 
adjacent sea. On a geologic time scale, coastal lagoons are short lived landscape features, with an 
existence intrinsically linked to their filtering efficiency, the rate of local tectonic activity, and
anthropogenic activities, e.g., river damming, water pumping, water diversion and water use 
(KjerfVe, 1994).
1.2 The New South Wales Coast
The New South Wales coast located on the south eastern fringe of the Australian continent extends 
approximately 2500 km, from the Queensland border in the north to the Victorian border in the 
south (Figure 1.1). Lagoons are characteristic of much of the temperate southeast coastline of 
Australia. New South Wales has over 70 coastal lagoons and lakes, which vary in size and nature. 
They range in size from large lagoons such as Lake Macquarie and the Wallis lakes, which are 
both over 100 km to dozens of smaller lakes of less than 1 km .
The majority of NSW lagoons are generally seen as having narrow, elongated entrance channels 
which are usually only intermittently open to the ocean, and broad, tidal, back barrier sand flats 
(Woodroffe 2002). Away from the active channels, the lagoons consist of shallow low energy 
environments with the margins often colonized by dense sea grass communities. Ocean conditions 
change little along the south east Australian coast typically ranging from a moderate to high energy 
environment. As such, coastal variation is mostly seen in the size and orientation of embayments 
and headlands (Thom 1984) and is also due to the availability of sand which affects barrier 
development and lagoon mouth hydrodynamics (King and Hodgson 1995).
1.3 Urbanization Patterns of New South Wales
Globally the coastal zone is under unprecedented pressure from various human activities stemming 
from a population growth of 50% in the last 20 years (Bird 1974). Much of the coastline of NSW is 
far more densely populated and developed than other parts of Australia, and is under greater 
environmental pressure (Photo 1.1).
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Figur el. 1 Map o f  
New South Wales 
showing locations 
of the major coastal 
lagoons.
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In 1991, the estimated resident population of the North Coast, Hunter, Sydney, Illawarra and 
southeastern regions was 5,143,238, representing 87% of the NSW total population (epa.nsw.gov, 
1995). The North Coast is the most rapidly growing area with an average annual population growth 
rate of 3.2%, representing a population increase of 61,624 in the region (Figure 1.2) 
(epa.nsw.gov, 1995). Examples of coastal development are abundant and range from canal estates 
(now banned in NSW) in non-tidal waterways to high rises and international resorts on the 
beachfront. Less obvious is the growing pressure on local government authorities to control 
natural lagoon processes— such as the build up of sea grass and/or algal wrack on foreshores—and 
the opening regime of lagoon channels. While the former minimizes odour and the latter protects 
property from flooding there has been little regard for environmental impacts (epa.nsw.gov.)
Photo 1.1 Manly Lagoon is an 
example o f a highly urbanized 
lagoon. The majority o f its 
catchment has been cleared o f  
vegetation and is now mostly 
covered with impervious 
surfaces (NSWDIPNR 2000).
A large proportion of NSW coastal lagoons support commercial fishing and prawning and as a 
result of rapid urbanization are subject to nutrient input from sewage and catchment runoff. They 
are also exposed to high and increasing levels of recreational use such as sun bathing, swimming, 
angling, sight seeing and boating (James 2002).
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1.4 Coastal Climate
The climate of the New South Wales coast ranges from cool temperate near the Victorian boarder 
to warm temperate towards the Queensland border. Rainfall is highly irregular and is dominated by
ENSO and longer cycles (Roy et al 2001).The highest annual rainfall occurs within several 
hundred kilometers of the coast. The coastal rainfall variation ranges between 1000 mm in the 
south to 2000 mm in the north (Figure 1.3). Historical records from the Bureau of Meteorology 
(2000) between 1897 and 1996 show that March is typically the wettest month and September the 
driest.
Wave climate and tidal regime are fairly uniform along the entire southeast Australian coast. The 
NSW coast has semi- diurnal tides and a maximum spring tidal range of 2 m. The coast is also 
storm dominated, with frequent eastward tracking, mid latitude cyclones which cross the southern 
half of the Australian continent (Roy et al 2001). These storms generate south -easterly storm 
waves with long period swells. As a result, in most parts of the NSW coast, sediment transport is 
dominated by wave action (Roy et al 2001). Wind is predominantly from the northeast in summer, 
while during winter there is a stronger influence from the south (Figure 1.4) (Australian Bureau of 
Meteorology 2004).
Average Rainfall - Annual
is» Bureau o f  Meteorology
Figure 1.3 Average annual
South Wales (Australian
rainfall patterns o f New
2004).
& Copyright Commonwealth of Australia 2004, Sureau of MeteoroSogy (ABN 92 637 533 532)
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1.5 Reasons for study
Coastal lagoons may be broadly defined as areas o f relatively shallow water that have 
been partly or wholly sealed off from the sea by the formation of depositional barriers 
built above the high tide level by wave action (Bird, 1994). Coastal lagoons constitute a 
common coastal environment around the world (Bird 1994) and are often impacted by 
natural and anthropogenic influences. It has been suggested that coastal lagoons make up 
approximately 13% of the world’s coastline (Berryhill et al 1969). The current high level 
of coastal development means that coastal lagoons are frequently subject to a range of 
direct and indirect impacts due to land use in the catchment, changes to hydrology and 
tidal processes, and the direct use o f the lagoon waterways.
The water quality and health of beaches in lagoons are being affected by the nutrients, 
sediments and toxins, which originate within a catchment as a result of urbanization, 
agricultural activities, vegetation clearing, and industry. The construction of dams and 
water extraction for irrigation and water supplies is altering the hydrology of many 
lagoons. This is leading to increasing sedimentation, closed entrances, changes in tidal 
flushing and altered freshwater flows. Lagoons globally are being used as dumping areas 
for solid wastes and sewage effluent discharges. They are also being dredged, filled in,
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and constrained at their entrances by break-walls. Many wetlands associated with lagoons 
have been destroyed (Woodroffe, 2002). Few countries have a higher concentration of 
urban affluence than the southeast Australian coastal zone. Continued population growth 
in this latter region demands enhanced coastal management (Bird 1974).
Past research along the NSW coast is largely focused on estuaries and deltas, covering 
topics such as the morphodynamics and management of these environments [examples: 
(Simms,Woodroffe, and Jones 2003), and (Roy, Williams, Jones, Yassini, Gibbs, Coates, 
West, Scanes, Hudson, Nichol 2001)]. Previous researchers have also concentrated on 
paeological, sedimentological and stratigraphical studies [examples: (Murray-Wallace, 
Ferland, Roy 2005) and (Woodroffe, Buman, Kawase, and Umitsu 2000)]. Specific 
research into NSW  coastal lagoons is primarily limited to general inventories, cataloging, 
and classifications of lagoons [examples: (Roy 1984), (Bird 1967) and (Bell and Edwards 
1980)] and highly technical studies focused on specific characteristics of lagoons 
[examples: (Howley, Morrison, and West 2004) and (Cropper 1997)]. This study 
therefore focuses on some general management issues and the broader anthropogenic 
influences occurring on these threatened environments.
1.6 Aims of Thesis
The aims of this study were :
•  To collect and statistically analyse the physical/geomorphic variables o f coastal 
lagoon beaches within NSW and to record observations of environmental 
degradation at various sample sites;
• To couple information on the physical characteristics of lagoons with knowledge 
of potential patterns in coastal development to provide tools for strategic planning 
and ecologically sustainable development;
• to create a model to predict further lagoon beach degradation and provide accurate 
predictions of lagoon beach impacts, which allows reasonable tradeoffs between 
lagoon beach conservation and coastal development.
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Chapter 2
Literature Review
2.1 Lagoon Evolution
All estuaries and lagoons follow similar evolutionary paths as they infill with sediment 
(Davies 1974). Coastal lagoons are usually formed where valley mouths or lowlands have 
been submerged by the sea. This submergence occurred during the later stages of the 
worldwide late Quaternary marine transgression. Evolutionary processes vary according 
to environmental settings and as lagoons occur in most latitudes and occupy a transitional 
location between land and sea, their morphodynamic evolution varies accordingly (Carter 
1988). Roy (1984) stated that the diversity in size, shape, salinity, circulation patterns 
and biota in New South Wales estuaries is due to two controlling factors: 1) the 
palaeogeologic nature of the area and, 2) the local fluvial processes. The geological 
nature of the area controls the size and the shape of estuaries as well as the type of 
sediment supplied to it. The local fluvial processes such as tidal flow and wave energy 
influence the modes of sedimentation, estuary hydrodynamics and the biota of the estuary 
(Roy, 1984).
A lagoon is closely connected with the barrier enclosing it. The lagoon cannot exist 
without it (Barnes 1980). Three main factors control the origin and maintenance of sandy 
barriers and thus determine the ultimate fate of coastal lagoons: sea level history, shore- 
face dynamics, and tidal range (Kjerfve, 1991). Sea level exerts a fundamental control on 
coastal sedimentation. Under sea level rise, barrier island or lagoon systems become 
important environments of sedimentation (Brunn, 1962). As sea level rises along low 
relief coastal plains, the beach and dune are nourished by the long-shore drift and grow 
upwards at the same rate as sea level rise (Brunn 1962). The swale behind the dune 
however, remains the same elevation. As the sea level rises, swales become lagoons 
(Kjervfve, 1994.)
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Bird (1994) suggests there are three zones within a lagoon: 1) a fresh water zone close to 
the mouths of rivers, 2) a saltwater tidal zone close to the entrance and 3) an intervening 
transitional zone of brackish but relatively tide-less water. The proportions of each zone 
vary from one system to another. For example, Lake Illawarra consists largely of the 
intermediate zone (Bird 1994).
2.2 Lagoon Classification Models:
Although there are significant differences among various coastal lagoons, there are also 
many similarities (Davis et al 2004). Previous research has attempted to group or classify 
the various types of coastal lagoons.
2.2.1 Kjerfve’s Model:
Kjerfve (1994) sub divided coastal lagoons into three geomorphic types according to 
water exchange with the coastal ocean. These geomorphic types represent three points 
along a spectrum of lagoon variability in relation to: 1) the rate and 2) magnitude of 
oceanic exchange from both the dominant forcing functions, and 3) the time scale of 
hydrologic variability. These coastal lagoon divisions are: Choked Lagoons, Restricted 
Lagoons and Leaky Lagoons (Kjerfve, 1994).
Choked Lagoons (Photo 2.1) usually consist of a series of elliptical cells, connected by a 
single, long, narrow entrance channel along coasts with high wave energy and significant 
littoral drift. Choked Lagoons are characterised by long flushing times, dominant wind 
forcing, and intermittent stratification events due to intense solar radiation or runoff. 
Choked Lagoons are mostly oriented shore parallel but are sometimes also found 
associated with river deltas, which tend to be oriented shore normal (Kjerfve, 1994).
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Photo 2.1 Lake 
Arragan on the far  
north coast o f New 
South Wales is an 
example Kjerfve’s 
Choked Lagoon 
(DIPNR).
Restricted Lagoons (Figure 2.1) consist of a large and wide water body usually 
orientated shore parallel, which exhibit two or more entrance channels or inlets. As a 
result, restricted lagoons have a well-defined tidal circulation, are influenced by winds, 
and are mostly vertically mixed. Flushing times are short and water salinity varies from 
brackish water to oceanic salinities (Kjerfve, 1994). Examples of restricted coastal 
lagoons include Laguna de Terminos , Mexico and Lake Pontchartrain, USA.
Figure 2.1 A diagrammatic 
representation o f Kjerfve’s 
Restricted Lagoon.
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Leaky Lagoons (Figure 2.2) are water bodies elongated shore parallel with many ocean 
entrance channels along coasts where tidal currents are sufficiently strong to over come 
the tendencies by wave action and littoral drift to close the channel entrances. Leaky 
lagoons occupy the opposite end of the spectrum from choked lagoons, Leaky lagoons 
are characterised by numerous wide tidal passes; unimpaired water exchange with the 
ocean at periods longer than those of waves tides, and storms; strong tidal currents; and 
salinities approximating those of the ocean coast (Kjerfve, 1994). Examples of Leaky 
Lagoons include the Gibbsland Lakes of Victoria and Mississippi Sound.
Figure 2.2 A diagrammatic 
representations o f Kjerfve’s 
Leaky Lagoon
2.2.2 Roy’s Model:
Roy (1984) proposes that it is possible to classify all NSW estuaries into three basic types 
according to their entrance conditions: Drowned river valley estuaries, Barrier 
estuaries and Saline coastal lakes.
Drowned river valley estuaries (Photo 2.2) include all estuaries that have open mouths 
with sub-aqueous tidal deltas and full tidal ranges throughout. They have permanently or 
mostly, open entrance channels in which tides are attenuated. These estuaries also 
typically occupy valleys incised into Pleistocene deposits, are deep and usually have 
steep narrow sides with steep rocky sides. The entire estuary is fully tidal (Roy, 1984).
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Photo 2.2 Lake 
Macquarie located on the 
central New South Wales 
Coast is an example o f  
Roy’s Drowned River 
Valley Estuaries and 
Timm ’s Drowned Valley 
Lakes (DIPNR).
Barrier Estuaries (Photo 2.3) are estuaries, which are characterised by narrow, 
elongated entrance channels, which have cut through broad tidal and back barrier sand 
flats. Strong tidal flows occur in the entrance channel, but tidal range is progressively 
reduced by frictional effects, resulting in water fluctuations that may be as small as 10% 
of the ocean tide in the estuary basin. In terms of water circulation, wind waves and 
wind-induced flows are more important for circulation than tidal currents in the body of 
the estuary (Roy, 1984).
Photo 2.3 Lake 
Illawarra on the 
South Coast o f New 
South Wales is an 
example o f Roy’s 
Barrier Estuary and 
Timm ’s Simple 
Embayed Lakes 
(DIPNR).
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Saline Coastal Lakes: (Photo 2.4) are small features located in small coastal valleys. In 
their early stages o f development they are geologically similar to barrier estuaries and 
fluvial inputs are characteristically very small. Under most conditions, lake waters are 
saline-to-brackish, but non-tidal. Freshwater conditions accompany heavy rain at which 
time barriers enclosing the lake may be breached by super-elevated lake water levels and 
storm waves. Winds causes mixing and some mass water movements in larger lakes (Roy 
1984.)
Photo 2.4 Lake 
Ainsworth on the far  
north coast o f  NSW  
is an example o f  
R oy’s Saline Coastal 
Lakes and Timm ’s 
Lakes derived com- 
partmentalization o f  
a bigger lake 
(DLPNR).
2.2.3 Timms’s Model:
Timms (1992) identified seven types of coastal lakes on the NSW coast according to their 
related geomorphology and/or physical development. The seven types of coastal lakes are 
as follows: 1) Drowned Valley Lakes, 2) Simple Embayment Lakes , 3) Lakes 
Between Parallel Dunes, 4) Complex Embayment Lakes, 5) Cuspate Barrier 
Lagoons, 6) Lakes Enclosed by Recurved Spits and 7) Lakes Derived by 
Compartmentalization of a Bigger Lake.
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Both Drowned Valley (Photo 2.2) and Simple Embayed (Photo 2.3) lakes occur in the 
same maritime coastal areas and are the result of the same formative processes. Both are 
coastal lakes, which exist trapped between exposed basement rock and a coastal barrier. 
The shoreline in both is generally stable and both typically have extensive muddy areas in 
alluviating arms and a short sandy section on the barrier side. Drowned valley lakes 
characteristically have shorter barriers in comparison to simple embayed lakes. Therefore 
a smaller proportion of their lake shoreline is sandy (Timms, 1992).
Timms describes Lakes between parallel dunes as a specialized type of embayment lake 
where the lake is squeezed between two parallel dunes rather than lying between a barrier 
and basement rock. Timms states that they are genetically different from embayed lakes 
because the sea has invaded land between parallel dunes rather than the barrier 
transgressing in front a bay or river mouth. Examples of Lakes between parallel dunes 
include Lake Eliza, Lake ST Clair and Lake George in south eastern South Australia. All 
three coastal lagoons lie in a swale between two barriers of calcarenite.
Timms (1992) considered embayed lakes with multiple barriers and/or a number of 
drowned valleys and bays within the cut off of the main barrier, to be separate from 
simple and embayed lakes. This led to his third classification of Complex Embayment 
Lakes (Photo 2.5).
Photo 2.5f The Myall 
lakes system located 
on the central NSW  
coast, is an example 
o f  Timm’s Complex 
Embayment Lakes 
(DIPNR).
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The forth and fifth classification types are the Cuspate barrier Lagoon and Lakes 
enclosed by re-curved spits. The development of these two lake types is unlike any 
other lake type, as their formation does not involve any change in sea level. Cuspate 
barrier lagoons (Figure 2.3) are water bodies that have become isolated from the ocean 
by the formation o f sand spits (Tombolo) joining an offshore island (Timms, 1992).
A spit growing at an angle to the coastline may turn at its end following wave refraction 
or the action o f  waves impinging from another direction. With continual growth the spit 
may rejoin the coast thus enclosing a small lake or pond. These small lakes or ponds are 
what the author refers to  as Lakes enclosed by re-curved spits. Neither o f these two 
lake types are common or of any great size. The latter type usually only exists for 
relatively short periods such as a few days or several months at the most (Timms, 1992).
Figure 2 3  A diagrammatic 
representation o f  Timm’s  
Cuspate Barrier Lagoon.
The final coastal lake types are the Lakes Derived by Compartmentalization of a 
Bigger Lake. In Australia the m ost common method of lake division is by segmentation 
(Timms 1992). This occurs in lakes with sandy substrates that are elongated in the 
direction of dominant winds. Cuspate spits, which are triangular in  shape and regularly 
spaced, develop along the shore under a strong wind regime. When winds are bi­
directional these spits grow in response to circulation cells and may meet their opposite 
member to subdivide the lake (Zenkovich, 1956).
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2.2.4 Carter’s Model:
Carter (1988) identifies three types of lagoons according to the flux of water within them. 
In the first group the Tidal fluxes in and out of the lagoon are balanced over the tidal 
period (Figure 2.4). The lagoons included in this category are termed Back Barrier 
Lagoons and Through Flow lagoons. In the second type, Evaporation of the lagoon 
water means that the inflow of water exceeds the outflow (Figure 2.5). Lagoons where 
this occurs are referred to as Sabkhas. In the third group there is a Net seaward 
discharge due to the addition of the freshwater discharge (Figure 2.6) (Carter 1998).
Figure 2.4 Carter’s model 
o f lagoons where : Tidal 
fluxes in and out o f the 
lagoon are balanced over the 
tidal period.
Figure2.5 Carter’s model 
o f lagoons where:
Evaporation o f the lagoon 
water means that the inflow o f  
water exceeds the outflow.
Figure 2.6 Carter’s model o f  
lagoons where: A net seaward 
discharge due to the addition 
o f  the freshwater discharge.
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2.3 Discussion
Many classifications of lagoons exist and most have been tailored to the needs of the 
proposing author. This review has presented four classification models, all of which are 
significantly different to each other. Each classification model separates lagoons into 
various categories according to the most important defining characteristic as viewed by 
the author. Timms’s classification model has divided lagoons according to their 
geomorphology and evolution, while Kjervfve’s, Roy’s and Carter’s models have all 
been based on entrance conditions and/or tidal flows. Table 2.1 endeavors to compare 
each of these models by linking them together with common lagoon characteristics. Some 
overlap between the lagoons types described by each author exists. For example, a direct 
comparison can be made between the following lagoon types: Drowned river valley 
estuaries (Roy), Restricted lagoons (Kjerfve) and Drowned valley lakes (Timms). All 
three have brackish waters, comparable tidal ranges and similar entrance conditions. All 
three also fit neatly into Carter’s model as having Tidal fluxes that are balanced over 
their tidal periods.
True contrast between most lagoon types, however, is not possible i.e. Table 2.1 also 
shows that lagoon types entitled Saline coastal lakes, Lakes enclosed by re-curved 
spits and lakes derived from compartmentalization (Timms) all have waters of high 
salinity, no tidal range and no entrance channels. Table 2.1 therefore suggests that as 
Timms’s lagoon types share these common characteristics, they should be able to be 
included in Roy’s Saline coastal lakes category. In actual fact, these lagoon types cannot 
be included as Roy describes Saline coastal lakes as evolving from barrier estuaries and 
so are geomorphically different to Timms’s lagoon types. The difficulty with comparison 
amongst models arises from the fact that three of the four models (Roy, KjerfVe and 
Carter) do not embody all possible lagoon types. On the NSW coast alone, there are 
several examples of coastal water bodies that do not fit into these three models. For 
example, Kjerfve and Carter’s models do not include any coastal water body that is not 
linked to the ocean with at least one entrance channel. Roy’s model does not include any 
lagoon that has evolved without a relationship to a built up barrier, such as lagoon types 
described by Timms as Lagoons between parallel dunes. Roy found that there was
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considerable overlap between lagoons and estuaries, as his paper does not identify coastal 
lagoons as being separate from estuaries. However, his three proposed estuary types tend 
to include most lagoons.
Problems also arise with Timms’s model when comparison is made to many commonly 
accepted definitions of lagoons. For example , KjerfVe’s definition suggests that “coastal 
lagoons are inland water bodies, separated from the ocean by a barrier and are connected 
to the ocean by one or more restricted inlets which remain open at least intermittently” 
(Kjerfve, 1994). According to this definition Timm’s lagoons types entitled Lakes 
between parallel dunes, Cuspate barrier lagoons, Lakes enclosed by recurved spits 
and Lakes derived from compartmentalization of bigger lakes are not strictly lagoons. 
However, as Davis and Fitzgerald (1994) stated “many authors apply the name lagoon to 
any body of water that is landward of a barrier”. All six lagoon types suggested by 
Timms fit this definition.
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Table 2 A Summary and comparison o f  lagoon classification models
CCommon L ag o o n  C haracL eristics
C lassification M odels S alin ity T id a l R an g e
E n tran c e  ch an n e ls
S a lin e B rack ish F resh
O cean
tid a l
ran g e
Sm all
tida l
ran g e
N on
tidal
M an y
S ing le
larg e
S in g le
sm all
N o n e
D ro w n ed  r iv e r  v a lley  
estu a ry
♦ ♦ ♦ ♦
R oy’s
M odel B arrie r e stu ary ♦ ♦ ♦ ♦
S alin e  co asta l lak e ♦ ♦ ♦ ♦
C h o k ed ♦ ♦ ♦ ♦
K jerfve’s
M odel R estric ted ♦ ♦ ♦ ♦ ♦
L eak y ♦ ♦ ♦
T id al flu x es  a re  
b a lan c ed  o v e r tid a l 
p e rio d
♦ ♦ ♦ ♦
C arter’s
M odel In flo w  ex ceed s  
o u tflo w
♦ ♦ ♦
N et seaw ard  
d isch a rg e
♦ ♦ ♦
D ro w n ed  v a lley  lak es ♦ ♦ ♦ ♦
S im p le  em b ay ed  
lakes
♦ ♦ ♦
T im m s’s
L ak es b e tw een  
p a ra lle l d u n es
♦ ♦ ♦ ♦ ♦
M odel
C o m p lex  em b ay e d  
lak es
♦ ♦ ♦ ♦
L akes en c lo sed  b y  
re -cu rv ed  sp its
♦ ♦ ♦ ♦
L ak es d e riv ed  b y  
co m p artm en ta liza tio n
♦ ♦ ♦ ♦
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2.4 Lagoon Characteristics and Environmental Pressures
This section covers three topics 1) lagoon physical processes such as stream flow, wind, 
waves and tides, 2) lagoon physical attributes such as sediments, beach types, entrance 
conditions and, lagoon flushing abilities and 3) common environmental pressures 
which lagoons are facing today such as water pollution, artificially altered shorelines and 
changing catchments and lagoons depths.
2.4.1 Physical Processes
Physical processes are the primary determinants of the type, configuration and 
distribution of morphologic units, which occur on lagoon shores lines (Davis and 
Fitzgerald 1994). These processes may include stream flow influencing sediment type 
and sediment transport patterns in the lake portion of the lagoon. Typical processes such 
as tides and waves are not prevalent in lagoons. The nature of lagoons themselves limits 
tidal influence. Tidal flux is often absent or very local adjacent to the typically small 
inlets of coastal lagoons. The east coast of Australia is classified as microtidal, in that the 
tidal ranges are generally less than 2m (Roy et al 2001), which is influential in the 
development of lagoons. Tidal range is important because smaller tidal ranges are, in 
general, associated with less vigorous tidal currents. Tidal inlets have been described by 
Braun (1962) as the outcome of two counteracting tendencies. On the one hand, there is 
the potential for sediment moving along shore under wave action to choke inlets and 
close them. On the other hand, constriction of the tidal flow through them will accentuate 
the power of the tidal streams to keep the inlet open by scour. In a few lagoons, the tidal 
currents of the area are unable to compete with the powerful freshwater flows of the 
adjoining river, so there is negligible tidal penetration to the lagoon and no tidal 
compartment. Thus there is no tidal mechanism for transporting sediments into or out of 
these types of coastal lagoons.
Other physical processes which have a major influence on coastal lagoons are derived 
from the influence of wind. In lagoons, wind has three particular roles: generating waves, 
surges, and currents. In lagoons where there is no tidal compartment and frequently very 
low freshwater inflows, wind and thermal effects on the water mass become the main
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means by which the water mass is mixed and also the principal means by which 
sediments are dispersed. Wind can produce circulation patterns in lagoons that 
homogenises any stratification of salinity (density) that might develop from very low 
energy conditions. Storms, especially tropical cyclones, produce large waves (within the 
open ocean) and elevated water levels or storm surge. It is common for this combination 
to breach the barriers of lagoons and transport both water and sediment into the lagoon. 
This phenomenon may transport very large volumes of sediment into the lagoon in a very 
short time. Many lagoons do not receive this input of either water or sediment. This is 
especially true if the lagoon is fronted by barriers with dunes of several metres in 
elevation.
Waves are limited in their influence by the short fetch that is typical of elongated 
lagoons. The heights and periods of wind waves are direct functions of the wind velocity, 
the wind duration, and the fetch length (the length of water across which the wind is 
blowing) (Davis and Fitzgerald 1994). The width of coastal lagoons is generally only a 
kilometre or so, which produces short steep waves when strong winds are present. Most 
NSW lagoons are very exposed to the wind and have little in the surrounding topography 
to modify air flows (e.g., forest) so that sustained high wind speeds are not uncommon 
(photo 2.6). Waves generated by these winds do not have much influence on the lagoon 
floor but they do develop narrow beaches and small ridges. These small choppy waves 
can also cause coastal erosion along lagoon shorelines (Davis and Fitzgerald 1994). In 
addition to erosion of the shore and sediment transportation on the lagoon floor, very 
steep, short wind waves on lagoons can lead to substantial longshore transport in 
generally downwind directions. This leads to the creation of spits (Photo 2.7) and 
sometimes foreland complexes on lagoon shores. At an advanced stage, the phenomenon 
of segmentation occurs, in which the lagoon shore becomes separated into a series of 
broadly arc-shaped bays. The shores of the Myall Lakes system (Photo 2.8), display these 
segmentation features.
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Photo 2.6 Many NSW  
Lagoons such as Lake 
Illawarra are very exposed 
to the wind and have little 
in the surrounding 
topography to modify air 
flows (e.g. forest) so that 
sustained high wind speeds 
are not uncommon.
Photo 2.7 Steep, short 
wind waves on lagoons 
can lead to substantial 
longshore transport in 
downwind directions 
creating sand spits 
as here in Lake 
Illawarra.
23
Photo 2.8 The shores 
o f  the Myall Lakes 
system on the mid 
north coast o f NSW  
display segmentation 
features (DIPNR).
Another storm related process which affects lagoons is wind generated surging, which 
results from set up in the water body itself. When wind blows over these shallow water 
bodies, water is pushed towards the downwind side of the lagoon. Because lagoon 
shorelines generally have a gentle gradient there may be significant flooding by this 
elevated, wind-blown water causing a wind tide. When this happens, it is common for 
sediment to be transported on shore by waves resulting in these wind-generated flats. 
Another important wind related phenomenon that influences lagoon environments is the 
prevailing wind. These winds transport dry and unstable sediment into the lagoon. This 
dry sediment might be from the back beach environment but it is most typically from 
dunes. As a result, large amounts of sediment are transported into lagoons.
2.4.2 Physical Attributes 
Lagoon Beach Types and Sediments
Short and Wright (1983) described 6 major beach types for open coast beaches with two 
extreme states: 1) the dissipative beach, and 2) the reflective beach, and a series of 
intermediate states (Short and Wright 1983). The reflective end of the scale occurs when 
conditions are very calm and/or sediments are very coarse. Here, all the sediments are 
stored on the sub aerial beach as there is no surf zone and waves surge directly up the 
beach face. Cusps caused by edge waves are a typical feature of such beaches. Usually 
the tidal range is also small. Wave energy is reflected off such a beach face. As bigger
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waves cut back a beach and spread out its sediments to form a surf zone, the reflective 
beach gives way to a series of intermediate forms (Short and Wright 1983).
If wave action is strong enough and/or sediment particle size is fine enough, the fully 
dissipative state may be reached (Short and Wright, 1983). Here, the beach face is flat 
and maximally eroded, and the sediment is stored in a broad surf zone which may have 
multiple bars parallel to the beach. Waves tend to be spilling and break a long way from 
the beach, often reforming and breaking again. In this way, most wave energy is 
consumed in the surf zone, before reaching the beach (Short and Wright, 1983). 
Dissipative beaches usually occur where waves exceed 2 m in height and sands are finer 
than 200 microns, whereas reflective beaches are found where waves are less than 0.5 m 
high and sands coarser than 400 microns. There is a close relationship between beach 
sediment particle size and foreshore slope angle, such that coarser materials have steeper 
slopes. On steeper slopes there is a greater concentration of wave energy/unit area than 
on flatter ones (Kirk 1980). As has been demonstrated by (Kirk 1980), mixed sand and 
gravel beaches have completely different morphologies and process characteristics from 
sand beaches.
Lagoon sediments derive from three principal sources: inflowing streams, the coasts and 
margin of the lagoon itself. Fine terigenous sediment is delivered to the entrance of the 
lagoon by streams and rivers in flood while coarser marine sands are pushed through the 
lagoon mouth by coastal littoral drift, waves and tides (Silvester 1974). Lagoons are 
typically quiescent environments where wave heights rarely exceed 0.3m and fine­
grained sediments are accumulated (Beanish and Jones 2002). The sediments on a lagoon 
beach, however, vary in characteristics depending upon the beach’s proximity to either a 
channel to the ocean or a river entrance (Brown and Mclachlan, 1996). Lagoon beaches 
therefore tend to form within the ranges o f the intermediate states as described by Short 
and Wright (1983). With the minimal wave energy and generally smaller sediment 
particle sizes, the formation of the two extreme states of reflective and dissipative 
beaches are rare (Brown and Mclachlan, 1996).
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Entrance Channel Conditions
Modem lagoons and estuaries along the New South Wales Coast have been filling with 
sediment since their formation at around 15,000 years ago when sea level began rising 
from 100 to 130 m below its present level (Green 2001). Lagoons share a number of 
common features with estuaries. However, one feature they do not often share is a narrow 
inlet channel which may be seasonally closed. Lagoons are often of the bar-built type in 
which water exchange between the basin and the ocean is impeded by a sand bar across a 
narrow inlet channel. Seasonal breaching of a sand bar is a consequence of seasonal river 
discharge and is especially characteristic of areas with highly seasonal rainfalls and low 
tidal amplitudes.
Today, many lagoons along the NSW coastline have entrances which are only 
intermittently open to the ocean (DIPNR 2004). In their natural pre-European state, their 
degree of openness depended primarily on exposure to ocean waves and on fluvial 
discharge with the latter also influenced by climatic fluctuations (DIPNR 2004). As a 
result, even large lagoon entrances such as Lake Macquarie may have closed for months 
while moderately large lagoons such as Wallis Lake occasionally would have been closed 
for years (Roy 1984).
2.4.3 Environmental Pressures 
Lagoon Pollution
Since European colonization and especially during the last century, many lagoons with 
constricted entrances have been permanently changed by the construction of training 
walls. Lagoons have become repositories for by products of urban, industrial and 
agricultural activities that increasingly give rise to management issues. Lagoons receive 
nutrient runoff from urban settlement, agricultural land and forest clearing and thus have 
become eutrophic.
O f major concern are elevated levels of nitrogen and phosphorus carried by surface run­
off and ground waters from urban areas, sewage treatment works, and agricultural land 
on alluvial plains (EPA 1997). Resulting blooms of algae and phytoplankton increased
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Photo 2.9 (Smiths Lake) 
Nitrogen and phosphorus 
carried by surface run-off 
and ground waters from 
urban areas, sewage 
treatment works, and 
agricultural land on 
alluvial plains result 
blooms o f algae.
turbidity levels and eutrophication can lead to deoxygenation of bottom waters, fish kills 
and the build up of rotting accumulations of wrack on down wind shorelines (photos 2.9 
and 2.10) (Goudie 1998). Once established, excessive algal blooms are very difficult to 
rid from the system; nutrient loads need to be reduced to levels much less than those that 
resulted in the bloom. Remedial measures need to focus on controlling nutrient 
discharges from land and possibly, improving tidal flushing of intermittent lagoons 
(Harris, 1999).
Photo 2.10 Eutrophication 
can lead to the build up of 
rotting accumulations of 
wrack on down wind 
shorelines as seen here in 
Lake Illawarra.
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The ways in which lagoons respond to nutrient enrichment are determined by their 
physical, chemical, and geological characteristics. These include the depth of the water 
column, the flushing rate of the system, the amount of chemical conversion (oxidation or 
reduction) of the nutrients, and the sedimentary characteristics of the benthos. Thus, 
lagoons, which experience considerable nutrient enrichment but have deep entrance and 
large tidal exchange, do not exhibit the extreme occurrences of eutrophication such as the 
production of large algal blooms and macro algal growths. In other words, the high 
flushing rates in those systems prevent the nutrients from accumulating, and thus 
increasing primary productivity (Seabum 1976). On the other hand, lagoons such as Lake 
Illawarra, which are shallower and have a much smaller tidal interchange with the open 
sea, exhibit a far greater response to nutrient enrichment.
Marine and costal litter which can be defined as any item that appears on beaches as a 
result of human activity (Marine Conservation Society 2002) is also a form of lagoon 
pollution. Lagoon litter can be categorized according to material type (e.g. plastic, glass, 
sanitary, metal) and comes from four main sources, namely recreational and tourism 
related litter, fishing debris, sewage related debris and shipping waste (Marine 
Conservation Society 2002). Lagoon litter may be transported according to wind, tide and 
current patterns, accumulating temporarily or permanently on lagoon beaches or on the 
lagoon bed at locations known as litter sinks (Derraik, 2002). The impacts of marine litter 
on wildlife are recognized around the world. Floating and submerged marine litter also 
impacts on coastal economic activity. The aesthetic degradation and potential associated 
health risks of a beach by marine litter can result in lost revenue from tourism and local 
authorities are faced with clean up costs in order to attract tourists (Silva-Iniguez and 
Fischer, 2003).
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Artificially Altered Shorelines
Human-altered shorelines are an integral and often major component of lagoons (DIPNR 
2004). Bulkheads and dykes are frequent along the shores of our idealized lagoons 
because of their extensive use. Seawalls and jetties (photo 2.11) often constructed in 
association with stabilization of inlets or harbours and groynes are another type of hard 
shoreline structure. Artificially nourished beaches and reconstructed dunes represent soft 
human-altered shoreline forms.
Photo 2.11 (Lake Illawarra) 
Seawalls and Jetties are 
often constructed in 
association with 
stabilization of inlets 
or harbors.
Lagoon beaches and lagoons are locations of major industrial ports, population centres, 
recreational sites and agricultural land. Given these uses and associated impacts, the 
effective management and protection of lagoon shores become a complex endeavor. The 
impacts of human activities on shoreline geomorphology, hydrogeology and ecology can 
be dramatic and efforts are required to minimise impacts of future shoreline 
developments and usage. Lagoon shore lines are dynamic features and coastal managers 
need to incorporate the concept of change into management and policy actions. To 
protect natural elements, lagoon shoreline development must be designed to: maintain
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sediment budgets; minimise alterations of waves and winds; and preserve the opportunity 
for the land ward, seaward, or longshore migration of environments (Davis and Fitzgerald 
1994).
Before human intervention, most lagoons had on average higher water levels and larger 
water level ranges (EPA 1997). As the water levels were higher, the areas (and volumes) 
of most such lagoons were very much greater than at present. Under human management, 
lagoon maximum water levels have been reduced and the range of levels has contracted. 
Lagoons have not only shrunk in area, and become reduced in volume and in average 
depth, but they have also become very much less active environments (because fetches 
for wave action, seiching, current formation, etc., have also been reduced) (DIPNR 
2002).
Lagoon Flushing
The flushing of a lagoon is concerned with the residence time of a parcel of water within 
one of the basins. There are two distinct processes by which water is expelled from the 
lagoon into the ocean. The first is simply a consequence of river flow. In the very shallow 
basins, river waters mix efficiently within basin water and the resultant flushing time is 
simply determined by the time for river flow to fill the lagoon basins. This time span can 
be seasonal and many lagoons experience a wet-dry annual cycle with long periods 
without river flow. However, the time span may extend over several years in parallel with 
the cycle of flood and drought associated with El Niño and La Niña events. Although 
river flow introduces flushing of the lagoon it may also introduce contaminants such as 
phosphorus, which contributes to eutrophication. The second process by which water 
leaves the lagoon is with water exchange with ocean water through the channel. The 
channels are usually only a few meters deep and can be tens of metres wide. Typical tidal 
currents through the narrow channels are between 0.1 and 0.3 m /sec with maximum 
channel speeds occurring during spring tides Tidal flushing is often rather minimal and 
the lagoons which have become fresh under the influence of river flow, take many 
months of drought to reach the salinities of the adjacent ocean. (Hearn 1998).
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A number of important consequences stem from the generally small catchments and 
comparatively low fluvial inflow of lagoons along the New South Wales coast. These 
pose significant concerns for management. First, water residence (turnover times) will be 
relatively long in lagoons. Second, catchments will have generally small capacity for 
either hydrologic or sedimentological storage. In turn this means that changes in land use 
in the contributing catchments will be very quickly reflected in changes to the 
hydrological regime and/or sedimentation rates in lagoons. In short, they can be polluted 
very easily through runoff and through groundwater contamination. Flood works in the 
contributing catchments will exacerbate flash flooding, so diminishing low flows and 
ensuring a very concentrated delivery of flood water during high-energy events. These 
events will be rainfall-dominated (i.e., generated by discrete meteorological events) that 
will punctuate long periods of diminished inflow. Third, sedimentation in lagoons will 
involve a high proportion of fine sediments. Lagoon floors will become progressively 
silt- or mud-dominant, particularly in close proximity to the mouths of inflowing streams 
(Pollard 1994).
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Chapter 3
Methods
This chapter provides an overview of the techniques used in the field for collecting data, 
and the procedures used to analyze this material. The chapter is divided up into three 
sections: 1) desk top study, 2) field data collection and, 3) statistical analysis.
3.1 DeskTop Study
Aerial photographs were an integral part of the fieldwork for this study. They were used 
in conjunction with scaled maps to identify sample locations; and to determine 
accessibility for field sampling. From the available aerial photographs and maps, 
seventeen lagoons on the NSW coast were selected for the study (Figure 3.1). All 
seventeen lagoons were chosen to represent a wide range of physiographic environments 
along the NSW coast. The northern and southern boundaries of sampling were Lake 
Ainsworth in the north and Saint George’s Basin in the South. Each lagoon was also 
selected to encompass a variety of general lagoon characteristics. For example, both 
Wallis Lake and Lake Macquarie represent large lagoons (area greater than 50 km ) with 
large catchment areas (greater that 500 km2) and permanently open channels to the ocean. 
While the lagoons such as Dee Why, Puckies and Bellambi Lagoon, represent the smaller 
scale of lagoons (areas of less than 5 km2), with smaller catchment areas (less than 50 
km2) and intermittently open channels.
The following thirteen physical/geomorphic variables were selected to be recorded for 
each of the sample sites: distance to an open channel or river mouth, entrance type, 
local fetch, beach width, foreshore disturbance, presence/absence o f storm water pipes, 
beach aspect, catchment area, lake area, catchment runoff, local flushing ability, 
beach slope and sediment type. A further four variables local water quality, 
presence/absence o f  litter, beach erosion and the presence/absence o f aquatic weeds 
were recorded as general health indicators.
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These thirteen physical/geomorphic variables were specifically selected in order to 
collect data relating to the anthropogenic influences on coastal lagoons as well as the 
local climatic conditions as discussed in chapter 2. All thirteen physical/geomorphic 
variables when coupled with the four environmental health indicators provided 
comparisons between lagoon types and variations of lagoon beach degradation. For 
example: by recording the distances of all sampled lagoon beaches from an open channel 
or river mouth and the lagoon’s entrance type and then comparing these observations to 
the four environmental health indicators, it was possible to analyse the potential effects 
on the health of lagoon beaches from artificial alterations to channel opening regimes 
and/or the realignment o f rivers entering lagoons.
Prior to any field work, the aerial photographs and maps were used to identify three of 
the thirteen selected physical/geomorphic variables: distance to an open channel, beach 
aspect and local offshore fetch. A further four of the variables: entrance type, catchment 
area, lake area and catchment runoff was provided by the Department of Infrastructure 
Planning and Natural Resource’s (DIPNR) coastal management data base (DIPNR 2004).
The local flushing of water adjacent to the sampled lagoon beaches was recorded as the 
degree of flushing and water residence times varies considerably throughout coastal 
lagoons (Hearn 1998). Variations of local flushing adjacent to lagoon beaches results 
from the individual geophysical characteristics of each beach, for example: Tidal flushing 
decreases with increasing distance from an open ocean channel, flushing from river flow 
decreases further away from the river channel and, lagoon beaches located in open bays 
with large offshore fetches and exposed to dominant winds experience greater wave 
energy conditions and circulation currents than beaches located in small sheltered bays.
The local flushing of all sampled beaches (recorded as poor, moderate and good) was 
deduced from combining the following characteristics: distance to an open channel 
(dictating tidal influences) or river mouth, local fetch and beach aspect. Both fetch and 
aspect were analyzed with regard to the prevailing wind directions, which provided 
potential wave heights and circulation patterns.
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3.2 Field Techniques
Sixty-one lagoon beaches were visited and sampled for this study. All beaches were 
sampled over a period of one month and sample collection was conducted by a systematic 
approach dictated by location and accessibility. The following four physical/geomorphic 
variables: beach width, beach slope, presence o f  storm -water p ipes and, degree o f  
foreshore disturbance were recorded in the field as well as the four environmental health 
indicators: local water quality, presence/absence o f  litter, beach erosion, the presence/ 
absence o f  aquatic weeds. All beaches were selectively sampled within the seventeen 
lagoons to encompass a range of the recorded physical/geomorphic variables within each 
lagoon type. For example the sample sites as shown in Figure 3.2 for Lake Ainsworth 
were selectively chosen to represent lagoon beaches within lagoons with: an 
intermittently open entrance channel, northerly, southerly, westerly and easterly aspects 
and with fetches ranging between 200m and 600m.The number of beaches visited and 
sampled was limited by the time restraints of this study however the data obtained from 
all field work and the desk top study were ultimately used to build up a large enough 
sample base of physical/geomorphic variables and lagoon environmental health 
indicators for adequate statistical comparison.
600m
Figure 3.2 Example o f sample 
sites within Lake Ainsworth on 
the far north coast o f  New South 
Wales.
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Local water quality adjacent to the sampled lagoon beaches was recorded as the quality 
of water also varies considerably throughout coastal lagoons (Hearn 1998). Variations in 
local water quality may occur as a result of local flushing conditions, degree of foreshore 
disturbance and the presence of storm water pipes etc. The local water quality of all 
sampled beaches (recorded as poor, moderate and good) was recorded from basic on site 
observations. The following water quality variables were measured: turbidity/ clarity, 
smell, colouration, presence of surface film/slick and floating debris. Full laboratory 
sampling and testing was not possible due to the time restraints and the enormity of the 
data collection required for this study.
3.3 Analytical techniques
3.3.1 Grain size analysis
Visual invegstigation of sand grains may not always easily establish the difference 
between fluvial and marine sands. A Malvern laser particle-size analyzer was therefore 
used to determine the particle size for the range between 1.8 mm to 1.0 mm grain-size 
diameter following a standardized technique. The grain-size distribution of each sample 
ranging from 4 mm to 1 mm grain-size diameter was determined by sieving sediments at
0.5 phi intervals.. Where both size fractions were present, the sieve and laser data were 
merged to form one complete distribution. The data provided by the Malvern laser 
particle-size analyzer (wet sieving and dry sieving) was entered into a grain size analysis 
program written by R.G. Moore and provided by Associate Professor Brian Jones. This 
program calculated statistics including average grain size and standard deviation. The 
results enabled clear separartion between marine and fluvial sediments.
3.3.2 Statistical analysis
On the basis o f raw observed frequencies of a sample's site characteristics, it was possible 
to only make claims about the sample site itself, but it was not possible to generalize and 
to make claims about the entire population of coastal lagoons from which the samples 
were taken. It was necessary therefore to submit the results to a test of statistical
36
significance. A test of statistical significance identifies how confidently one can 
generalize to a larger (unmeasured) population from a (measured) sample of that 
population. The appropriately performed test of statistical significance lets you know the 
degree of confidence you can have in accepting or rejecting a hypothesis (Chemoff and 
Lehmann 1954).
The raw data was tested with chi square to determine whether or not two different 
characteristics or aspects could be used to generalize for the entire population. Chi square 
is a non-parametric test of statistical significance for bivariate tabular analysis (Chemoff 
and Lehmann 1954). Bivariate tables were used to summarize the intersections of 
independent and dependent variables and to show the relationship (if any) between those 
variables. In this case the independent variable was the quality or characteristic that was 
hypothesized to predict or explain some other quality or characteristic (the dependent 
variable). The independent variable was controlled and measured against the dependent 
variable to test the hypothesis that there is some relationship between them. Bivariate 
tabular analysis was used for answering the following questions:
1. Was there a relationship between any two variables in the data?
2. How strong was the relationship in the data?
Chi Square Limitations
As stated above, chi square is a nonparametric test. It does not require the sample data to 
be more or less normally distributed (as parametric tests like t-tests do), although it relies 
on the assumption that the variable is normally distributed in the population from which 
the sample is drawn (Chemoff and Lehmann 1954).The chi square, while forgiving, has 
some requirements. The samples had to be randomly drawn from the population and the 
observed frequencies had to be within the accepted limits. Since (logically) frequencies 
cannot be negative, the distribution could not be normal when expected population values 
were close to zero since the sample frequencies cannot be much below the expected 
frequency while they can be much above it (an asymmetric/non-normal distribution). So,
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when expected frequencies were large, there was no problem with the assumption of 
normal distribution, but with the smaller recorded frequencies, the less valid the results of 
the chi-square test. The cells in the bivariate table which showed very low raw observed 
frequencies (5 or below), were therefore manipulated and converged into grouped values.
For example, observations of beach litter were originally recorded as minor, moderate 
and major. However to ensure adequate frequencies of litter, the various degrees of litter 
build up were recorded only as present or absent. This meant that a beach containing only 
a single piece of litter at the time of sampling, was grouped or given an equal value to a 
beach with extensive litter build up. The recorded frequencies were often too low for the 
chi square test to be appropriately used. In addition, as some of the mathematical formula 
used in chi square use division, no cell in the table could have an observed raw frequency 
of zero. In cases where no data was available for lagoons and/or beaches, they were 
excluded altogether from statistical comparisons.
To derive as much information as possible from the diversity of the data, the raw data set 
was also analyzed using a multivariate analysis. A multivariate analysis may be 
performed to statistically compare a single dependant variable against multiple 
independent variables. A multivariate analysis was used in this instance in an attempt to 
identify the hierarchy of influence of the physical geomorphic variables on each of the 
environmental health indicators. No significant relationships were identified, however, 
and as such the results have not been included in this thesis.
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Chapter 4
Results
4.1 Statistical Relationships
Relationships were tested between the thirteen recorded physical/geomorphic variables 
(dependant variables) and the four selected environmental health indicators (independent 
variables). A total of fifty-two relationships were statistically tested using the chi square 
analysis (Figures 4.1, 4.2, 4.3 and, 4.4) and, of these, eighteen relationships (highlighted 
below) were found to be statistically significant. This chapter presents those eighteen 
significant relationships.
Figure 4.1 Lagoon and 
beach characteristics 
were statistically tested 
against the observations 
o f water quality to identify 
significant relationships.
The significant relationships 
are highlighted.
Figure 4.2 Lagoon and 
beach characteristics 
were statistically tested 
against the observations 
o f litter to identify 
significant relationships.
The significant relationships 
are highlighted.
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Figure 4.3 Lagoon and 
beach characteristics 
were statistically tested 
against observations 
o f aquatic weeds to 
identify significant 
relationships. The 
significant 
relationships 
are highlighted.
(Entrance Type 
(Lake Area
(Òatchment Area
Fetch
(Flushing Ability
Distance to 
Open Channel
Sediment Type)
Figure 4.4 Lagoon and 
beach characteristics 
were statistically tested 
against the observations 
o f  erosion to identify 
significant relationships. 
The significant 
relationship 
is highlighted.
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4.2 Significant Relationships
Contingency analysis tables have been utilized for this results chapter to present the 
observed frequencies of both the dependant and independent variables as recorded in the 
field. Table 4.0 outlines what each of the figures represents in the rows and columns of 
all analysis tables.
Table 4.0 Explanation of contingency analysis tables.
Dependant variable 
A
Example: 
Permanently open 
channel
Dependant variable 
B
Example:
Intermittently open 
channel
Row Total
Independent variable 
A
Example: Good local 
water quality
Recorded number 
= 30
The total number of 
beaches recorded with 
good local water 
quality within lagoons 
exhibiting a 
permanently open 
channel.
Recorded number 
= 7
The total number of 
beaches recorded with 
good local water 
quality within lagoons 
exhibiting an 
intermittently opened 
channel.
Recorded number 
= 37
The total number 
of sample beaches 
recorded with 
good local water 
quality.
Independent variable 
B
Example: Poor local 
water quality
Recorded number 
= 3
The total number of 
beaches recorded with 
poor local water 
quality within lagoons 
exhibiting a 
permanently open 
channel.
Recorded number 
= 21
The total number of 
beaches recorded with 
poor local water 
quality within lagoons 
exhibiting open 
channel.
Recorded number 
= 24
The total number 
of sample beaches 
recorded with 
poor local water 
quality.
Column Total Recorded number 
= 33
Recorded number 
= 28
Recorded number 
= 61
The total number of 
sampled beaches 
within lagoons 
exhibiting a 
permanently open 
channel.
The total number of 
sampled beaches 
within lagoons 
exhibiting an 
intermittently open 
channel.
Total number of 
sampled lagoon 
beaches.
N ote: The total 
num ber o f  sam pled  
lagoon beaches 
recorded varies as 
som e data was not 
available for all 
sam ple locations.
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4.2.1 Water Quality Adjacent to Lagoon Beaches 
Water Quality by Entrance Type
A chi-square test was applied to the relationship between the local water quality and 
lagoons entrance types and found to be statistically significant, x ( 1 ,N =61) =20.5, 
P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can be 
found in Table 4.1.
Table 4.1 Contingency Analysis o f  Water Quality by Entrance Type
Permanently open 
channel
Intermittently open 
channel
Row Total
Good local water quality 30 7 37
Poor local water quality 3 21 24
Column Total 33 28 61
Test ChiSquare Prob>ChiSq
Likelihood 20.510 <.0001
Water Quality by Catchment Runoff
A chi-square test was applied to the relationship between the local water quality and 
catchment runoff and found to be statistically significant, %2 (1,N =54) =9.47,P=0.0021 
using an alpha level of 0.05. The observed frequencies for the analysis can be found in 
Table 4.2.
Table 4.2 Contingency Analysis o f  Water Quality by Catchment Runoff (cubic meters 
x  106)_________________ _____________________ ,___________________ _ __________
Catchment Runoff 
greater than 100 
(cubic meters x 106)
Catchment Runoff 
less than 100 
(cubic meters x 106)
Row Total
Good local water quality 15 18 33
Poor local water quality 18 3 21
Column Total 33 21 54
Test
Likelihood
ChiSquare Prob>ChiSq
9.471 0.0021
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Water Quality by Foreshore Disturbance
A chi-square test was applied to the relationship between local water quality and 
foreshore disturbance and found to be statistically significant, %2 (1,N =61) = 11.08, 
P<0.01 using an alpha level of 0.05. The observed frequencies for the analysis can be 
found in Table 4.3.
Table 4.3 Contingency Analysis o f  Water Quality By Foreshore Disturbance
Natural
/vegetated
foreshore
Minor
foreshore
disturbance
Major
foreshore
disturbance
Row Total
Good local water quality 12 15 10 37
Poor local water quality 3 4 17 24
Column Total 15 19 27 61
Test ChiSquare Prob>ChiSq
Likelihood 11.086 0.0039
Water Quality by Flushing Ability
A chi-square test was applied to the relationship between the local water quality and the 
local flushing ability and found to be statistically significant, % (1,N =61) =25.1, P<.01 
using an alpha level of 0.05. The observed frequencies for the analysis can be found in
Table 4.4.
Table 4.4 Contingency Analysis o f  Water Quality by Lagoon Flushing Ability
Good local 
flushing
Moderate local 
flushing
Poor local 
flushing
Row Total
Good local water quality 10 22 5 37
Poor local water quality 0 7 17 24
Column Total 10 29 22 61
Test ChiSquare Prob>ChiSq
Likelihood 25.125 <.0001
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Water Quality by Storm Water Drains
A chi-square test was applied to the relationship between the local water quality and the 
presence of storm water drains and found to be statistically significant, % (1,N =61) = 
8.43, P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can be 
found in Table 4.5.
Table 4.5 Contingency Analysis o f  Water Quality by Storm Water Drains
Storm water pipes 
absent
Storm water pipes 
present
Row Total
Good local water quality 29 8 37
Poor local water quality 6 18 24
Column Total 35 26 61
Test ChiSquare Prob>ChiSq
Likelihood 8.431 0.0037
4.2,2 Litter Build Up on Lagoon Beaches 
Litter by Entrance Type
A  chi-square test was applied to the relationship between the presence of litter and the 
lagoon entrance types and found to be statistically significant, % ( 1 ,N =61) =17.84, 
P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can be 
found in Table 4.6.
Table 4.6 Contingency Analysis o f  Litter by Entrance type
Permanently open 
entrance channel
Intermittently open 
entrance channel
Row Total
Litter absent 16 1 17
Litter present 17 27 44
Column Total 33 28 61
Test ChiSquare Prob>ChiSq
Likelihood 17.843 <.0001
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Litter by Catchment Area
A  chi-square test was applied to the relationship between litter and a lagoon’s catchment 
area and found to be statistically significant, %2 ( 1 ,N =61) =6.16, P=0.04 using an alpha 
level of 0.05. The observed frequencies for the analysis can be found in Table 4.7.
Table 4.7 Contingency Analysis o f  Litter by Catchment Area
Catchment area 
less than 100m2
Catchment area 
greater than 100m2 
but less than 500m2
Catchment area 
greater than 
500m2
Row Total
Litter absent 3 6 8 17
Litter present 21 14 9 44
Column Total 24 20 17 61
Test ChiSquare Prob>ChiSq
Likelihood 6.161 0.0459
Litter by Catchment Runoff
A  chi-square test was applied to the relationship between the presence of litter and 
catchment runoff and found to be statistically significant, % (1,N =54) =10.5, P<.01 
using an alpha level of 0.05. The observed frequencies for the analysis can be found in 
Table 4.8.
Table 4.8 ContingentV Analysis o f  Litter by Catchment Runoff (cubic meters x  10 )
Catchment Runoff 
greater than 100 
(cubic meters x 106)
Catchment Runoff 
less than 100 
(cubic meters x 106)
Row Total
Litter absent 5 12 17
Litter present 28 9 37
Column Total 33 21 54
Test ChiSquare Prob>ChiSq
Likelihood 10.519 0.0012
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Litter by Local Flushing Ability
A chi-square test was applied to the relationship between the presence of litter and the 
lagoons flushing ability and found to be statistically significant, %2 ( 2, N =61) =13.2 
,P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can be 
found in Table 4.9.
Table 4,9 Contingency Analysis o f  Litter by Flushing Ability
Good local 
flushing
Moderate local 
flushing
Poor local 
flushing
Row Total
Litter absent 6 10 1 17
Litter present 4 19 21 44
Column Total 10 29 22 61
Test ChiSquare Prob>ChiSq
Likelihood 13.230 0.0013
4.2.3 Aquatic Weeds on Lagoon Beaches 
Aquatic Weeds by Entrance Type
A chi-square test was applied to the relationship between the presence of aquatic weeds 
and the lagoons entrance type and found to be statistically significant, % ( ,N =61) 
=11.96, P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can 
be found in Table 4.10.
Table 4.10 Contingency Analysis o f  Weeds by Entrance type
Permanently open 
entrance channel
Intermittently open 
entrance channel
Row Total
Aquatic weeds absent 26 10 36
Aquatic weeds present 7 18 25
Column Total 33 28 61
Test ChiSquare Prob>ChiSq
Likelihood 11.965 0.0005
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Aquatic Weeds by Lake Area
A chi-square test was applied to the relationship between the presence of aquatic weeds 
and lake area and found to be statistically significant, %2 (2,N =61) =10.25, P<.01 using 
an alpha level of 0.05. The observed frequencies for the analysis can be found in Table 
4.11.
Table 4.11 Contingency Analysis o f  Weeds by Lake Area.
Lake area less 
than 1km2
Lake area greater 
than 1km but less 
than 50km2
Lake area 
greater than 
50km2
Row Total
Aquatic weeds absent 10 13 13 36
Aquatic weeds present 11 13 1 25
Column Total 21 26 14 61
Test ChiSquare Prob>ChiSq
Likelihood 10.256 0.0059
Aquatic Weeds by Catchment Area
A  chi-square test was applied to the relationship between the presence of aquatic weeds 
and a lagoons catchment area and found to be statistically significant, % (2,N =61) 
=20.09, P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can 
be found in Table 4.12.
Table 4.12 Contingency Analysis o f  Weeds by Catchment Area
Catchment area 
less than 100m2
Catchment area 
greater than 100m2 
but less than 500m2
Catchment area 
greater than 
500m2
Row
Total
Aquatic weeds absent 7 13 16 36
Aquatic weeds present 17 7 1 25
Column Total 24 20 17 61
Test ChiSquare Prob>ChiSq
Likelihood 20.091 <.0001
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Aquatic Weeds by Local Flushing Ability
A chi-square test was applied to the relationship between the presence of aquatic weeds 
and the local flushing ability and found to be statistically significant, %2 (2 ,N =61) 
=19.41, P<.01 using an alpha level of 0.05. The observed frequencies for the analysis can 
be found in Table 4.13.
Table 4,13 Contingency Analysis o f Weeds by Flushing Ability
Good local 
flushing
Moderate local 
flushing
Poor local 
flushing
Row Total
Aquatic weeds absent 8 23 5 36
Aquatic weeds present 2 6 17 25
Column Total 10 29 22 61
Test ChiSquare Prob>ChiSq
Likelihood 19.410 <.0001
Aquatic Weeds by Catchment Runoff)
A chi-square test was applied to the relationship between the presence of aquatic weeds
2and catchment Runoff (cubic meters x 10 ) and found to be statistically significant, % 
(1,N =54) = 21.69, P<.01 using an alpha level of 0.05. The observed frequencies for the 
analysis can be found in Table 4.14.
Table 4,14 Contingency Analysis o f  Aquatic Weeds by Catchment Runoff (cubic meters 
x l O 6)_______________ _, __________________________________________ ,___________
Catchment Runoff 
less than 100 
(cubic meters x 106)
Catchment Runoff 
greater than 100 
(cubic meters x 106)
Row Total
Aquatic weeds absent 20 12 32
Aquatic weeds present 1 21 22
Column Total 21 33 54
Test ChiSquare Prob>ChiSq
Likelihood 21.695 <.0001
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Aquatic Weeds by Distance to Open Channel or River Mouth
A chi-square test was applied to the relationship between the presence of aquatic weeds 
and a lagoon beaches distance to an open channel and found to be statistically significant, 
X ( 1 ,N =61) =19.72 , P<.01 using an alpha level of 0.05. The observed frequencies for 
the analysis can be found in Table 4.15.
Table 4.15 Contingency Analysis o f  Weeds by Distance to Open Channel
Closed entrance 
channel
Lagoon beach at a 
distance greater 
than 500m to an 
open channel
Lagoon beach at 
a distance of 
less than 500m 
to an open 
channel
Row Total
Aquatic weeds absent 3 26 7 36
Aquatic weeds present 15 7 3 25
Column Total 18 33 10 61
Test ChiSquare Prob>ChiSq
Likelihood Ratio 19.720 <.0001
Aquatic Weeds by Sediment Type
A chi-square test was applied to the relationship between the presence of weeds and the 
sediment type and found to be statistically significant, %2 (1 ,N =61) =4.97, P=0.02 using 
an alpha level of 0.05. The observed frequencies for the analysis can be found in Table
4.16.
Table 4.16 Contingency Analysis o f Weeds by Sediment Type
Count 
Total % 
Column % 
Row %
Sediment content = 
Sand
Sediment content = 
Sand/Clay
Row Total
Aquatic weeds absent 19 17 36
Aquatic weeds present 20 5 25
Column Total 39 22 61
Test ChiSquare Prob>ChiSq
Likelihood 4.947 0.0261
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Aquatic Weeds by Storm Water Drains
A chi-square test was applied to the relationship between the presence of aquatic weeds 
and the presence of storm water drains and found to be statistically significant, %2 (1 ,N 
=61) =4.031, P=0.04 using an alpha level of 0.05. The observed frequencies for the 
analysis can be found in Table 4.17.
Table 4.17 Contingency Analysis o f  Weeds by Storm Water Drains
Storm water drains 
absent
Storm water drains 
present
Row Total
Aquatic weeds absent 32 4 36
Aquatic weeds present 17 8 25
Column Total 49 12 61
Test ChiSquare Prob>ChiSq
Likelihood 4.031 0.0447
4.2.4 Erosion on Lagoon Beaches
Beach Erosion by Local Foreshore Disturbance
A  chi-square test was applied to the relationship between foreshore erosion and the 
degree of local foreshore disturbance and found to be statistically significant, % (2 ,N 
=61) = 10.32, P<.01 using an alpha level of 0.05. The observed frequencies for the 
analysis can be found in Table 4.18.
Table 4.18 Contingency Analysis o f  Beach Erosion by Foreshore disturbance
Natural /vegetated 
foreshore
Minor local
foreshore
disturbance
Major local
foreshore
disturbance
Row Total
Beach erosion absent 14 14 12 40
Beach erosion present 2 4 15 21
Column Total 16 18 27 61
Test ChiSquare Prob>ChiSq
Likelihood 10.324 0.0057
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Chapter 5
Discussion and Conclusions
The results chapter has presented eighteen statistically significant relationships in total 
between the four environmental health indicators and the following nine 
physical/geomorphic variables: entrance type, catchment area, catchment runoff, local 
flushing ability, presence o f storm water pipes, degree o f foreshore disturbance, distance 
to an open channel or river mouth and, beach sediments. This chapter discusses these 
relationships and presents four predictive schematic models based upon these 
relationships.
5.1 Interpretation and Discussion Significant Relationships
5.1.1 Local Flushing: A Significant Relationship
Initial analysis of the raw data in relation to local flushing provided the following 
percentages. O f the lagoon beaches with poor local flushing, 77% had aquatic weeds 
present, 95% had litter present and, 77% had poor local water quality. O f the lagoon 
beaches with good local flushing, only 20% had aquatic weeds, 40% had litter and all had 
good local water quality.
The results of the raw data tested with chi square in order to generalize for the entire 
population are as follows: a strong statistical relationship of P<0.01 using an alpha level 
of 0.05 was recorded for the relationships between litter, aquatic weeds, local water 
quality and the local flushing. The result of P<0.01 is a strong statistical relationship as it 
suggests that this result is likely to occur more than 99% of the time when the test is 
repeated with other random sample sites. Accordingly the statistical relationship supports 
the following generalization for the entire population of NSW lagoons.
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New South Wales coastal lagoon beaches with poor local flushing statistically 
have more litter, more aquatic weeds and poorer local water quality.
Flushing of water adjacent to a lagoon beach is determined by local wave energy, a 
lagoon’s entrance type and its distance to an open channel or river mouth. The level of 
wave energy expended upon a lagoon beach is a product of fetch (distance of 
uninterrupted open water), and the beach aspect. Both fetch and aspect ascertain a 
beaches exposure to local dominant winds and therefore maximum potential wave 
heights and circulation patterns. In addition, a lagoon’s entrance type and the distance to 
an open channel and/or river mouth determines local tidal range and freshwater input 
respectively upon a lagoon beach.
Typically, lagoon beaches are all poorly flushed in comparison to open ocean beaches 
where the tidal influences are relatively large, and wave and wind action are dominant 
processes. The results, however, demonstrate that any human activity within a lagoon 
which restricts or prohibits local flushing, is likely to lead to poorer local water quality 
and the local build up of litter and aquatic weeds.
5.1.2 Channel Entrance Type: A Significant Relationship
Initial analysis of the raw data in relation to channel entrance types provided the 
following percentages. Of the lagoon beaches within lagoons having intermittently open 
channels, 64% had aquatic weeds present, 96% had litter present and, 75% had poor local 
water quality. Of lagoon beaches within lagoons with permanently open entrance 
channels, only 12% had aquatic weeds present, 52% had litter present and, 10% had poor 
local water quality.
The results of the raw data tested with chi square in order to generalize for the entire 
population is as follows: a strong statistical relationship of P<.01 using an alpha level of 
0.05 (see results chapter) was found between aquatic weeds, litter, local water quality and 
a lagoons channel entrance type. Accordingly the statistical relationship supports the 
following generalization for the entire population of NSW lagoons:
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New South Wales coastal lagoons with intermittently open entrance channels, 
statistically have more litter, more aquatic weeds and poorer local water 
quality.
5.1.3 Distance to an Open Channel or River Mouth: A Significant Relationship 
Initial analysis o f the raw data in relation to a beach’s distance to an open channel or river 
mouth provided the following percentages. O f the sampled lagoon beaches located at 
distances greater than 500 m to an open channel or river mouth, 79% had aquatic weeds. 
O f the sampled lagoon beaches located at distances of less than 500 m from an open 
channel or river mouth, only 30% had aquatic weeds.
The results o f the raw data tested with chi square to generalize for the entire population is 
as follows: a strong statistical relationship of P<.001 using an alpha level of 0.05 was 
recorded between the presence of aquatic weeds and a beach’s distance to an open 
channel. Accordingly, the statistical relationship supports the following generalization for 
the entire population of NSW lagoons.
New South Wales coastal lagoon beaches located at distances greater than 500 
metres to an open channel or river mouth, statistically have more aquatic weeds.
Today many lagoons along the NSW coastline have entrances that are only intermittently 
open to the ocean. Channel closure however, is often exacerbated by alterations of lagoon 
catchments or by interrupting the delicate sediment balance or natural sediment 
movement patterns along the coast. Human alterations to catchment areas primarily occur 
in the form o f urbanization or agricultural practices, both of which require land clearing 
that in turn leads to accelerated rates o f catchment erosion. Development within adjacent 
catchments also releases sediments into the ocean, which is transported along the coast by 
means o f littoral drift. Coastal littoral drift is interrupted at lagoon entrances and turned
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inwards. Suspended sediments are then deposited along the banks of the entrance 
channels where the energy of the environment is at its lowest.
5.1.4 Foreshore Disturbance: A Significant Relationship
Initial analysis of the raw data regarding foreshore disturbance provided the following 
percentages. O f the lagoon beaches with major foreshore disturbance, 55% had 
significant erosion and 63% had poor local water quality. O f lagoon beaches with 
undisturbed foreshores, only 13% had significant erosion and 20% had poor local water 
quality.
The results o f the raw data tested with chi square in order to generalise for the entire 
population was as follows: A strong statistical relationship of P<.01 using an alpha level 
of 0.05 was recorded for the relationships between beach erosion, local water quality and 
the level o f foreshore disturbance. The statistical relationship supports the following 
generalisation for the entire population of NSW lagoons:
New South Wales coastal lagoon beaches with major foreshore disturbance 
statistically have higher occurrences of beach erosion and poorer local water 
quality.
5.1.5 Storm-water Outlets: A Significant Relationship
Initial analysis o f the raw data regarding storm-water outlets provided the following 
percentages. O f the lagoon beaches with storm-water outlets, 62% had poor local water 
quality and 67% had aquatic weeds present. O f lagoon beaches with no storm-water 
outlets, only 21% had poor local water quality and 35% had aquatic weeds present.
The results o f the raw data tested with chi square in order to generalise for the entire 
population was as follows: A strong statistical relationship of P<.01 using an alpha level 
o f 0.05 was recorded for the relationship between aquatic weeds and storm-water outlets 
and a weak statistical relationship of P=0.04 was recorded for the relationship between
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water quality and storm-water outlets. The statistical relationship supports the following 
generalisation for the entire population of NSW lagoons:
New South Wales coastal lagoon beaches with storm-water outlets statistically 
have poorer water quality and more aquatic weeds.
NSW lagoon foreshores are commonly locations of industrial ports, population centres, 
recreational sites and agricultural land. These land uses often result in large-scale land 
clearing and the construction of large impervious surfaces and permanent shoreline 
structures such jetties and storm-water outlets. Human activities impact on the 
shoreline’s geomorphology, hydrogeology and ecology.
5.1.6 High Catchment Runoff: A Significant Relationship
Initial analysis of the raw data in relation to catchment runoff provided the following 
percentages. O f the lagoons with average catchment runoff volumes of greater than 100 
cubic meters (x 106), 84% had litter present, 95% had aquatic weeds present and 54% had 
poor local water quality. Of the lagoons with catchment runoff volumes of less than 100 
cubic meters (x 106), only 33% had litter present, 4% had aquatic weeds and 15% had 
poor local water quality.
The results of the raw data tested with chi square in order to generalise for the entire 
population were as follows: a strong statistical relationship of P<.01 using an alpha level 
of 0.05 (see results chapter) was recorded for the relationships between litter, aquatic 
weeds, local water quality and the catchment runoff. The statistical relationship supports 
the following generalisation for the entire population of NSW lagoons:
New South Wales coastal lagoons with high volumes of catchment runoff 
statistically have more litter, aquatic weeds and poorer local water quality.
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The run-off from a catchment area is influenced by the following three factors 1) local 
ram fall, 2) catchment size and 3) degree of disturbance. As previously discussed, human 
alterations to catchment areas primarily occur in the form of urbanization and land 
clearing for agricultural practices. The process of urbanisation has a considerable 
hydrological impact, in terms of controlling rates of erosion and the delivery of pollutants 
to rivers, and in terms of influencing the nature of runoff and other hydrological 
characteristics (Hollis 1998). One of the most important effects is the way in which 
urbanization effects flood runoff. Research in both the USA and the UK has shown that, 
because urbanization produces extended impermeable surfaces of bitumen, tarmac, tiles 
and concrete, there is a tendency for flood runoff to increase in comparison with rural 
sites (Goudie 1998). City drainage densities may be greater than those in natural 
conditions and the installation of sewers and storm water drains accelerates runoff 
(Goudie 1998). Additional runoff is also generated in urban areas because low vegetation 
densities mean that evapotransporation is limited.
5.1.7 Lagoon Sediments: A Significant Relationship
Initial analysis of the raw data regarding beach sediments provided the following 
percentages. O f the lagoon beaches comprising of only marine sand, 51% had aquatic 
weeds present. O f the lagoon beaches comprising of both marine sand and clay, 23% had 
aquatic weeds present.
The results o f the raw data tested with chi square in order to generalise for the entire 
population were as follows: a weak statistical relationship of P—.02 using an alpha level 
of 0.05 was recorded for the relationship between aquatic weeds and lagoon beach 
sediments. The statistical relationship supports the following generalisation for the entire 
population of NSW lagoons:
New South Wales coastal lagoon beaches which comprise of purely marine 
sands, statistically have more aquatic weeds.
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Lagoon sediments derive from three principal sources: inflowing streams, the coast and 
the margin of the lagoon itself. Fine terigenous sediment is delivered to the entrance of 
the lagoon by streams and rivers in flood while coarser marine sands are pushed through 
the lagoon mouth by coastal littoral drift, waves and tides (Silvester 1974). Sediment 
balances within NSW lagoons are largely being altered by human activities. Land 
clearing within catchment areas accelerates rates of catchment erosion. Catchment 
erosion often leads to an increased input of the finer sediments. Structural coastline 
alterations such as break-walls interrupt sediment movement patterns, which may lead to 
an increase or reduction or the input of the larger marine sediments.
5.2 Schematic Predictive Models
The physical geomorphic variables statistically analysed have each been linked with the 
variations in lagoon beach health. The focus on the interactions of the physical 
geomorphic variables of lagoons has facilitated the construction of four schematic 
predictive models (Figures 5.1, 5.2, 5.3 and 5.4.). Additionally these schematic models 
demonstrate the links between lagoon beach health and human activities associated with 
lagoons and their catchments. Within each of the schematic predictive models shown 
below, all statistically significant relationships as demonstrated by this study have been 
highlighted.
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Figure 5.1 Schematic model demonstrating the presence and absence o f poor water quality adjacent to
lagoon beaches. Model also linking lagoon beach health to human activities associated with lagoons and
their catchments. The statistically significant relationships demonstrated by this study are highlighted.
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Figure 5.2 Schematic model demonstrating the presence and absence of litter build up on lagoon
beaches. Model also linking lagoon beach health to human activities associated with lagoons and their
catchments. The statistically significant relationships as demonstrated by this study are highlighted.
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Figure 5.3 Schematic model demonstrating presence and absence o f aquatic weeds on lagoon beaches.
Model also linking lagoon beach health to human activities associated with lagoons and their
catchments. The statistically significant relationships as demonstrated by this study are highlighted.
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Erosion on 
Lagoon Shores
Figure 5.4 Schematic model demonstrating presence and absence of lagoon beach erosion. Model also 
linking lagoon beach health to human activities associated with lagoons and their catchments. The 
statistically significant relationships as demonstrated by this study are highlighted.
Conclusions:
New South Wales has over 70 coastal lagoons and lakes. Collectively the lagoons of 
NSW are of environmental, social and economic value. Lagoon waters, shores and 
fringing wetlands form the foundation of the coastal food chain and provide a habitat for 
a diverse variety of aquatic and terrestrial flora and fauna. Approximately 87% of the 
state’s population lives in the immediate proximity of lagoons and many major urban 
areas are sited adjacent to these water bodies. Lagoons are an important focus of tourism 
and recreational activities. Due to their attractiveness and value, lagoons are used for a 
wide variety of purposes by different groups of people. Often these uses are in conflict 
(Thompson 2002).
NSW Lagoons are the endpoints of many detrimental activities of many up stream 
catchment activities. Over the past 200 years, the inappropriate use, conflicting use and 
over use of lagoons and their catchments in NSW have left many in a degraded state. 
Today, a large majority of NSW lagoons are characterized by murky, silt-laden waters
Vegetated/ natural Natural/ minor
catchment fores! >ance
No Beach 
Erosion
Urbanised/ agricultural 
catchment
High level of 
tore shore disturbanc e
Construction of 
impervious surfaces
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that contain high levels of nutrients, other harmful substances and various aquatic weeds. 
Many lagoon shorelines are also covered in litter and are undergoing unnatural rates of 
erosion (Adam et al 1992). O f the sixty-one surveyed beaches in the present study, 72% 
beaches were recorded as having litter present, 39% as having poor water quality, 41% as 
having aquatic weeds present and 65% as having some degree of beach erosion present. 
Only 21% were recorded as being in a pristine condition. Lagoons and their catchments 
are now subject to ever increasing pressures for additional development and the 
expansion of existing uses. While the interactions between many lagoon processes are 
better understood today, additional data and research is required. We now have the 
challenge of ensuring better management of the lagoons to rectify the damage of the past 
and to halt the ongoing degradation. Our overall objective should be of achieving an 
integrated balance, responsible and ecologically sustainable uses of these resources for 
the future.
Lagoon beach management requires knowledge of the natural processes and human use 
or influences of beaches. Knowledge of both natural and human induced environmental 
changes is required. Lack of information on some components of natural systems of 
lagoon beach environments will increase the probability of poor management. The bias in 
information towards coastal beaches means that they will be more often considered in 
management than lagoon beaches. The maintenance of lagoon beaches is necessary for 
not only conserving the health of the beaches themselves but also the entire lagoon 
systems. Overall, however, lagoon beaches will continue to be ignored until more 
information is available or until crises arise. The main aim of this thesis was to broaden 
our perception of coastal management to include lagoon beaches and to provide 
information on the impacts from human usage and in particular coastal urbanization.
The physical/geomorphic variables statistically analysed in this thesis have each been 
linked with the variations in lagoon beach health. As such, the results may be utilised in 
management practices for more appropriate land uses. The focus on the interactions of 
the physical/geomorphic variables of lagoons has facilitated the construction of four 
schematic predictive models. These models enable us to predict what will happen to the
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health of lagoon beaches. Similar models have proven very useful in the management of 
eutropification of freshwater lakes (James 2002). The physical characteristics of ocean 
beaches have also proven to be useful predictors of bathing hazards, angling effort and 
fish harvests, the distribution and species richness of invertebrates and the structure of 
foreshore dune vegetation.
The predictive models constructed from the results of this study demonstrate that 
development and land use practices which leads to the following lagoon and lagoon 
catchment alterations, ultimately results in the environmental degradation of our coastal 
lagoons: 1) unnatural channel closures, 2) alterations to catchment areas, 3) increases in 
catchment run-off, 4) alterations in lagoon beach sediment lithology 5) changes in lake 
area, 6) poor local flushing, 7) the construction of storm-water pipes, 8) realignment of 
channels increasing the distances between beaches and open channels and 9) high 
foreshore disturbance. Accordingly, future land use practices and management programs 
should be designed and implemented to avoid the above alterations. This suggests that 
such activities as land clearing within catchment areas should be minimised, structural 
shoreline alterations such as break-walls, which interrupt sediment movement patterns, 
should be avoided. Industrial ports, population centres recreational sites, agricultural land 
uses and storm water pipes should be kept clear of sensitive lagoon foreshores. 
Development, which restricts or prohibits local flushing, should be reduced and an 
activity, which alters the hydrology of catchments and/or the alignment of rivers, should 
be avoided.
Our growing knowledge of the physical characteristics of lagoons and their beaches could 
serve as the basis for constructing further predictive models. Coupling information on 
physical characteristics of lagoons with knowledge of potential patterns in coastal 
development would provide tools for strategic planning and ecologically sustainable 
development. Combining these predictions based on these models, the management of 
lagoon beaches would allow reasonable tradeoffs to be made between lagoon beach 
conservation and development. Similarly, accurate predictions of lagoon beach impacts 
would enable appropriate locations for coastal development.
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C le a r 1 1 0 >5 ; 1 0 1 ye s
C le a r 1 0 0 <5 ; 2 0 2 N o
M o d e ra te 1 1 0 >5 1 0 1 N o
C le a r 1 1 0 >5 1 0 2 ye s
C le a r 0 0 0 <5 1 p 1 N o
C le a r 1 0 • 0 <5 2 1 1 M o
C le a r 1 0 0 <5 1 1 1 N o
C le a r 0 0 1 <5 2 0 3 N o
C le a r 1 0 1 <5 2 - .1 3 N o
M o d e ra te 0 . 0 1 <5 2 1 3 ye s
C le a r 1 0 .0 <5 1 1 3 N o
C le a r 0 0 1 <5 2 1 • 3 N o
M o d e ra te 0 1 1 <5 2 1 - 3 N o
M o d e ra te 1 0 1 <5 2 1 3 N o
C le a r -  1 0 . 1 <5 3 1 3 N o
C le a r 1 0 1 <5 1 0 3 y e s  ;
C le a r 1 0 0 <5 - 2 o' 2 N o
C le a r 1 0 0 <5 2 0 3 N o
llla w a rra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <50 7 5 P o o r S o u th 6 000 5 0 0 0 P o o r 1 1 . 1 <5 1 0 3 ye s
¡llla w a rra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <50 7 5 P o o r W e s t 5 000 5 0 0 0 C le a r 1 0 0 <5 1 0 2 N o
l la w a r ra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 7 5 P o o r E a s t 5 00 0 5 0 0 0 P o o r 1 1 0 <5 1 1 3 N o
lla w a r ra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0  - 7 5 P o o r S o u th 600 0 5 0 0 0 P o o r 1 1 0 >5 1 0 3 N o
lla w a r r a  . B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <50 ~ 7 5 P o o r E a s t 500 1 0 0 0 0 M o d e ra te 1 0 0 >5 1 1 3 N o
lla w a r ra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 7 5 P o o r N o rth 500 0 5 0 0 0 P o o r ' 1 - Í 1 <5 2 o 3 N o
lla w a rra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 7 5 P o o r W e s t 200 2 0 0 C le a r 1 1 0 >5 1 0 1 N o
" l la w a r ra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <50 7 5 P o o r S o u th 500 5 0 0 0 P o o r 1 1 1 <5 2 1 3 N o
l la w a r r a B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <50 7 5 P o o r N o rth 1000 5 0 0 0 M o d e ra te 1 1 0 <5 1 0 1 N o
¡¡ la w a rra B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 7 5 P o o r W e s t  _ _ 4 00 0 5 0 0 0 P o o r 1 0 1 <5 3 0 _ _  3 yes
la v e n  h e a d s B a r r ie r  e s tu a ry P e r m a n e n t ly  o p e n e d > 5 0 0 <1 1 6 0 0 G o o d W e s t 300 1 0 0 0 0 C le a r 0 0 0 >5 1 1 1 N o
la v e n  h e a d s B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 5 0 0 <1 1 6 0 0 G o o d S o u th 3 00 1 0 0 0 0 C le a r 0 0 0 >5 1 1 1 N o
la v e n  h e a d s B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 5 0 0 <1 1 6 0 0 G o o d N o rth 300 1 0 0 0 0 C le a r 0 0 0 >5 1 1 1 N o
V o l lu m b u lla B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d < 1 0 0 >1 <5 0 12 P o o r S o u th 200 0 C lo s e d C le a r ■ 0 1 0 <5 1 1 2 N o
V o l lu m b u lla B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d < 1 0 0 >1 <5 0 12 P o o r W e s t 1000 C lo s e d C le a r 1 1 0 >5 1 0 • 1 N o
rg e s  b a s in B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 12 M o d e ra te W e s t 1000 1 0 0 0 0 C le a r 0 0 0 >5 2 0 3 N o
r g e s  b a s in B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 1 40 M o d e ra te S o u th  W e s t 500 1 0 0 0 0 C le a r 0 0 o">5 2 0 2 N o
r g e s  b a s in B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 1 0 0  < 5 0 0 >1 < 5 0 1 40 M o d e ra te S o u th 5000 1 0 0 0 0 C le a r 0 0 0 >5 1 1 2 N o
r g e s  b a s in B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 1 0 0  < 5 0 0 >1 < 5 0 1 40 M o d e ra te S o u th 5000 1 0 0 0 0 C le a r 0 0 1 <5 2 . 1 . 2 N o
(rges b a s in B a r r ie r  e s tu a ry P e rm a n e n t ly  o p e n e d > 1 0 0  < 5 0 0 >1 <5 0 140 M o d e ra te W e s t . 5000 1 0 0 0 0 C le a r 0 0 1 < 5 1 0 .2 N o
íh y  la g o o n B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d < 1 0 0 <1 3 .6 P o o r E a s t 500 20 P o o r 1 1 1 <5 2 0 3 ye s
Jhy la g o o n B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d < 1 0 0 <1 3 .6 P o o r w e s t 200 100 P o o r 1 1 • 0 <5 2 0 3 Y e s
)h y  la g o o n B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d < 1 0 0 <1 3 .6 P o o r S o u th 500 100 M o d e ra te 1 0 0 >5 1 - W  0 1 N o
D ro w n e d  r iv e r  v a l le y In te rm ita n tly  o p e n e d < 1 0 0 <1 M o d e ra te S o u th ■ 100 2 0 M o d e ra te 1 0 1 <5 1 0 3 N o
1 D ro w n e d  r iv e r  v a l le y In te rm ita n tly  o p e n e d < 1 0 0 <1 M o d e ra te N o rth 50 1 00 M o d e ra te 1 0 0 <5 3 1 3 N o
! _ .  ' D ro w n e d  r iv e r  v a l le y In te rm ita n tly  o p e n e d < 1 0 0 <1 M o d e ra te S o u th 50 1 00 C le a r 1 0 1 <5 2 1 2 N o
D ro w n e d  r iv e r  v a l le y In te rm ita n tly  o p e n e d < 1 0 0 <1 M o d e ra te W e s t 50 2 0 C le a r 1 0 0 >5 1 0 2 N o
)i B a r r ie r  e s tu a ry In te rm ita n t ly  o p e n e d < 1 0 0 <1 M o d e ra te S o u th 2 0 c lo s e d C le a r 1 1 0 <5 3 0 2 ye s
)i B a r r ie r  e s tu a ry In te rm ita n tly  o p e n e d < 1 0 0 <1 M o d e ra te N o rth • 2 0 c lo s e d C le a r 1 1 0 >5 3 0 2 ye s
)i B a r r ie r  e s tu a ry In te rm ita n t ly  o p e n e d < 1 0 0 <1 I M o d e ra te E a s t . 1ÓOTc lo s e d  I M o d e ra te 1 1 n l < fi i ■1 °
—
